I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Polycystic ovary syndrome (PCOS) is a heterogeneous disorder consisting of clinical or biochemical hyperandrogenism with ovulatory dysfunction ruling out secondary causes for the same. Its diagnostic criteria has been modified along timescale\[[@ref1][@ref2]\] and its prevalence varies broadly from 6 to 15% in general population depending on ethnicity studied and the criteria utilized.\[[@ref3][@ref4]\] It is probably the most common endocrine disorder in reproductive age women.

The reproductive issues with PCOS are manifold starting with anovulatory cycles leading to subfertility. Post conception, PCOS women are at increased risk for early pregnancy loss (EPL). After having successfully passed the first trimester, they commonly encounter later pregnancy complications like gestational diabetes mellitus (GDM), pregnancy-induced hypertension (PIH), preeclampsia, preterm delivery, and birth of small for gestational age (SGA) infant. Effective tackling of metabolic and reproductive issues relating to pregnancy forms the cornerstone of management of PCOS.

Normal pregnancy milieu {#sec2-1}
-----------------------

Normal pregnancy is characterized by induction of insulin resistance associated with compensatory hyperinsulinemia in second and third trimesters. This insulin resistance of normal pregnancy is a physiologically advantageous adaptation designed to restrict maternal glucose uptake and to ensure shunting of nutrients to the growing fetus. It is probably mediated by increases in hormonal levels of estradiol, progesterone, prolactin, cortisol, human chorionic gonadotropin, placental growth hormone (PGH), and human placental lactogen (HPL).

HPL and PGH are the hormones mainly responsible for insulin resistance in pregnancy. HPL is responsible for adaptive increase in insulin secretion necessary for pregnancy and for diversion of maternal carbohydrate metabolism to fat metabolism in the third trimester. PGH seems to be a paracrine growth factor probably regulating the metabolic and growth needs of the fetus partially. Barbour, *et al*. recently demonstrated induction of hyperinsulinemic insulin resistance in transgenic mice with PGH.\[[@ref5]\] They also demonstrated abnormalities in insulin signaling in skeletal muscle tissue of these mice, which bear a remarkable similarity to the tissue found in normal pregnant women.

There is approximately 200 to 250% increase in insulin secretion in lean women with normal glucose tolerance with advancing gestation.\[[@ref6]\] However, there is comparatively less robust increase in insulin levels of obese women with normal glucose tolerance. In normal pregnancy, there is a decreased expression of the GLUT-4 transporter in maternal adipose tissue\[[@ref7]\] but not in skeletal muscle. Skeletal muscle is the main site of insulin-mediated glucose disposal *in vivo*. Hence, the mechanisms for insulin resistance in normal pregnancy lie in the skeletal muscle either in the insulin signaling pathways or in the abnormal GLUT-4 translocation.\[[@ref8]\]

Polycystic ovary syndrome and pregnancy {#sec2-2}
---------------------------------------

Hyperandrogenism and insulin resistance form the metabolic hallmark of PCOS women. A significant section of lean PCOS women have baseline intrinsic insulin resistance. Those with superimposed obesity have additional insulin resistance contributed by the excess adipose tissue. The baseline insulin resistance seems to be exacerbated with entry into pregnancy. There is an increased risk of pregnancy complications in PCOS women. In a population-based cohort study, women with PCOS were more often obese and more commonly used assisted reproductive technology than women without such a diagnosis.\[[@ref9]\] PCOS was strongly associated with preeclampsia and very preterm birth and the risk of gestational diabetes was more than doubled. Infants born to mothers with PCOS were more prone to be large for gestational age and were at increased risk of meconium aspiration and having a low Apgar score (\<7) at five minutes.\[[@ref9]\] These increased risk of pregnancy complications was also confirmed by two meta-analyses which were conducted to evaluate the risk of pregnancy and neonatal complications in women with PCOS.\[[@ref10][@ref11]\] They are at increased risk of EPL, GDM, hypertensive disorders of pregnancy (HDP), and premature delivery.

Polycystic ovary syndrome and spontaneous miscarriage {#sec2-3}
-----------------------------------------------------

PCOS women are at risk of EPL, defined clinically as first trimester miscarriage. EPL occurs in 30 to 50% of PCOS women compared with 10 to 15% of normal women.\[[@ref12][@ref13]\] The EPL rate in PCOS women has been difficult to establish due to several confounding factors. Treatment with ovulation-inducing agents is associated with a higher incidence of spontaneous EPL compared with the prevalence in the normally ovulating, naturally conceiving population.\[[@ref14]\] Moreover, the prevalence of spontaneous EPL for women with PCOS who conceive naturally is not known. Several mechanisms underlying the increased risk of EPL in women with PCOS have been proposed and they are not exclusive \[[Figure 1](#F1){ref-type="fig"}\].

![Pathogenesis of early pregnancy loss in polycystic ovary syndrome](IJEM-17-37-g001){#F1}

L[UTEINIZING]{.smallcaps} H[ORMONE AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-2}
==================================================================================================================

Several studies have linked elevated LH levels with EPL in women with PCOS. The likelihood of miscarriage was increased and conception rate decreased as compared to those with normal LH in PCOS women.\[[@ref15]\] Decreased miscarriage rate in PCOS patients who underwent long-term pituitary suppression with a GnRH agonist has been documented in subsequent studies.\[[@ref16][@ref17]\] However, two succeeding studies with PCOS women of normal BMI have not shown the improvement in live birth rate with LH suppression using GnRH agonists.\[[@ref18][@ref19]\] The differing results from earlier studies may be confounded by the effects of obesity on pregnancy outcome.

A[NDROGENS AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-3}
==========================================================================================

Hyperandrogenemia is hypothesized to be another probable cause of EPL in PCOS women. Hyperandrogenemia and/or clinical hyperandrogenism is currently considered as an essential prerequisite for diagnosis of PCOS.\[[@ref2]\] Elevated free/total testosterone ratios and isolated elevated free and total testosterone levels were found to be predictive of EPL in PCOS women in two different studies.\[[@ref20][@ref21]\] Another study by Okon, *et al*. found higher testosterone concentrations among "recurrent miscarriages\" patients with and without PCOS in comparison to normal fertile controls.\[[@ref22]\] The authors postulated that high androgen levels antagonize estrogen, which may adversely affect endometrial development and implantation.

Apparao, *et al*. studied the poor reproductive performance observed in women with PCOS and suggested that it may be partly due to the concomitant increase in both serum androgens and elevation in endometrial androgen receptors.\[[@ref23]\] Sex steroids regulate uterine receptivity for embryo implantation by controlling the expression of HOXA10 gene\[[@ref24]\] which is spatially and temporally regulated during embryonic development. Elevated testosterone in PCOS downregulates the expression of HOXA10 gene, thereby decreasing the uterine receptivity and implantation.

I[MPAIRED]{.smallcaps} F[IBRINOLYSIS AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-4}
====================================================================================================================

High plasminogen activator inhibitor-1(PAI-1) activity has been found to be associated with recurrent pregnancy loss in women with unexplained recurrent miscarriages and has also been found to be significantly higher in women with PCOS independent of BMI. Glueck, *et al*. found PAI-1 activity to be an independent risk factor for miscarriage, possibly due to impaired fibrinolysis, which results in placental insufficiency through increased thrombosis of the placental bed.\[[@ref25]\] Palombo, *et al*. documented improved pregnancy outcomes with metformin in overweight women with PCOS and correlated it to significantly reduced PAI-1 activity levels resulting from treatment.\[[@ref26]\] The reduction in EPL in PCOS women who had reduced PAI-1 levels during treatment with metformin was confirmed in a larger cohort study.\[[@ref27]\] Additionally, PCOS women who received metformin but did not have reductions in PAI-1 continued to have increased miscarriage rates.

I[NSULIN]{.smallcaps} R[ESISTANCE AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-5}
=================================================================================================================

PCOS women are believed to be strongly associated with insulin resistance and compensatory hyperinsulinemia,\[[@ref28]\] which has been shown to be independently contributed by obesity prevalent among PCOS women.\[[@ref29]\] This hyperinsulinemic insulin resistance is implicated in pathophysiology of EPL. However, the exact mechanism for it remains elusive currently, although different factors for its effect have been proposed. These include its effect on oocyte maturation, glucose uptake and metabolism, implantation, altered expression of HOXA10 gene, and reduction of serum glycodelin and IGF-binding protein-1 (IGFBP-1) concentrations.

Impaired glucose uptake caused by downregulation of the IGF-I receptor has been documented to result in blastocyst apoptosis.\[[@ref30]\] Hyperglycemia in the background of hyperinsulinemic insulin resistance was shown to induce the expression of caspase, an enzyme triggering the apoptosis of blastocyst.\[[@ref31]\] Additionally, GLUT 4 expression was revealed to be significantly lower in endometrial cells of hyperinsulinemic obese PCOS women compared with those from normoinsulinemic PCOS women or controls.\[[@ref32]\]

E[NDOMETRIAL]{.smallcaps} D[YSFUNCTION AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-6}
======================================================================================================================

Implantation of embryo is affected by the endometrial receptivity which seems to be affected in PCOS. Initial attachment of the embryo is mediated via certain cell adhesion molecules like β~3~ integrin located on the luminal surface of the endometrium\[[@ref33]\] and these molecules are decreased in PCOS women.\[[@ref23]\] Endometrial secretory proteins like glycodelin and IGFBP-l are pivotal for implantation and maintenance of pregnancy. Glycodelin may be involved in early placental development through its modulatory effect on immune and trophoblast cells.\[[@ref34]\] IGFBP-1 plays an important role in human female reproductive physiology regulating menstrual cycles, puberty, ovulation, decidualization, and fetal growth. Both serum glycodelin and IGFBP-l levels were shown to be significantly lower in women with EPL in first trimester by Jakubowicz, *et al*.\[[@ref35]\]

O[BESITY AND]{.smallcaps} E[ARLY]{.smallcaps} P[REGNANCY]{.smallcaps} L[OSS]{.smallcaps} {#sec1-7}
========================================================================================

Increased risk of miscarriage was found in a meta-analysis investigating the association between obesity and miscarriage.\[[@ref36]\] There is a strong inverse relationship between BMI and serum IGFBP-1 in the general population.\[[@ref37]\] A recent meta-analysis studied the role of IGFBP-1 in PCOS pathogenesis controlling for the influence of BMI.\[[@ref38]\] It suggested that a decreased serum level of IGFBP-1 does not have a role in the pathogenesis of PCOS but is likely to result from the high prevalence of obesity in the PCOS women. Wang, *et al*. conducted a study which suggested that the higher risk of spontaneous abortion observed in women with PCOS is likely to be due to their high prevalence of obesity and the type of treatment they receive.\[[@ref39]\]

P[OLYCYSTIC]{.smallcaps} O[VARY]{.smallcaps} S[YNDROME AND]{.smallcaps} G[ESTATIONAL]{.smallcaps} D[IABETES]{.smallcaps} {#sec1-8}
========================================================================================================================

GDM complicates 40 to 50% of PCOS pregnancies.\[[@ref40]\] It intervenes in pregnancy when pancreatic β cells cannot overcome the superimposed insulin resistance of pregnancy on intrinsic insulin resistance of PCOS women. GDM has been shown to complicate PCOS pregnancy more frequently than normal pregnancy in majority of studies. Some among these had obesity as a confounding factor and hence could have increased the actual risk. Urman, *et al*. found PCOS women to be at increased risk of gestational diabetes independent of body mass index.\[[@ref41]\] Li, *et al*. showed an increased risk of GDM and preeclampsia in non-overweight/obese PCOS women and this risk seemed to be due to PCOS itself rather than to obesity.\[[@ref42]\] However, Haakova, *et al*. demonstrated that PCOS women had comparable risk of GDM or PIH as that of age-and weight-matched normal controls.\[[@ref43]\] Two studies showed BMI \>25 kg/m^2^ to be the greatest predictor for GDM.\[[@ref44][@ref45]\] A recent systematic review and meta-analysis by Toulis, *et al*. concluded that the higher risk of GDM in women with PCOS was a questionable finding.\[[@ref46]\] These conflicting results may be caused by the heterogeneity of PCOS and the diversity in methodology among studies.

P[OLYCYSTIC]{.smallcaps} O[VARY]{.smallcaps} S[YNDROME AND]{.smallcaps} H[YPERTENSIVE]{.smallcaps} D[ISEASE IN]{.smallcaps} P[REGNANCY]{.smallcaps} {#sec1-9}
===================================================================================================================================================

HDP occurs in 8% of PCOS pregnancies.\[[@ref47]\] It includes PIH, defined as new-onset hypertension in pregnancy after 20 weeks of gestation, and preeclampsia, defined as PIH with proteinuria. There is inconsistent association between PCOS and HDP. Diamant, *et al*.\[[@ref48]\] showed increased incidence of preeclampsia in PCOS women but the control group was not BMI matched. Haakova, *et al*. and Mikola, *et al*. documented comparable prevalence of preeclampsia between PCOS and non-PCOS women.\[[@ref43][@ref44]\] Radon, *et al*. showed a significant increase in incidence of PIH in women with PCOS women even after matching for BMI.\[[@ref49]\] A meta-analysis by Kjeruff showed PCOS women to be at elevated risk of preeclampsia (OR-4.23) or PIH (OR-4.07).\[[@ref11]\] De Vries, *et al*. demonstrated an increased prevalence of preeclampsia and a similar prevalence of PIH in PCOS group in comparison to BMI-matched non-PCOS group.\[[@ref50]\]

P[OLYCYSTIC]{.smallcaps} O[VARY]{.smallcaps} S[YNDROME AND]{.smallcaps} P[RETERM]{.smallcaps} D[ELIVERIES]{.smallcaps} {#sec1-10}
======================================================================================================================

Preterm births complicate 6 to 15% of pregnancies of PCOS women.\[[@ref51]\] It may be associated with confounding factor of multiple pregnancies induced as a result of use of various ovulation induction regimens in PCOS women. Preeclampsia itself is a risk factor for preterm deliveries. Meta-analysis by Boomsma, *et al*. showed infants of PCOS women had significantly lower neonatal birth weight, although the significance was lost when only higher validity studies were analyzed.\[[@ref10]\] Sir-Petermann, *et al*. demonstrated a significantly higher prevalence of SGA newborns among infants of PCOS mothers which could not be completely attributed to pregnancy complications, and seemed to be more related to the PCOS condition of the mother.\[[@ref52]\] But other studies have failed to show any relation between preterm births and PCOS.

Treatment of complications in polycystic ovary syndrome {#sec2-4}
-------------------------------------------------------

Insulin resistance, both intrinsically and that due to superimposed obesity, forms the most important pathogenetic mechanism for PCOS complications. It therefore seems logical to treat PCOS complications with insulin sensitizers. Metformin is the commonly used insulin sensitizer. Glueck, *et al*. documented the benefit of metformin for reducing EPL in an initial pilot study of PCOS women comparing with that of historic controls.\[[@ref53]\] They later showed similar results in a larger uncontrolled cohort.\[[@ref54]\] Their findings using metformin were confirmed in a retrospective controlled study by Jakubowicz, *et al*.\[[@ref12]\] Metformin exerts its action by reducing body weight, insulin and PAI-1 levels,\[[@ref26][@ref53]\] androgen and LH levels,\[[@ref55]\] and by increasing serum IGFBP-1 levels and glycodelin levels.\[[@ref56]\] Eng, *et al*. demonstrated that metformin activates AMP kinase (AMPK) directly improving insulin signaling within the blastocyst, leading to improved pregnancy outcomes.\[[@ref57]\]

Most studies which showed the benefit of metformin in reducing EPL were either observational studies or non-randomized trials, unadjusted for major confounders and included small number of subjects \[[Table 1](#T1){ref-type="table"}\]. There is still insufficient evidence for use of metformin during pregnancy. Palomb,a *et al*. evaluated the effect of pregestational metformin administration on miscarriage risk in PCOS women by conducting a systematic review of randomized controlled trials till date and carrying out subsequent meta-analysis. They concluded that metformin has no effect on the miscarriage risk in PCOS women when administered before pregnancy. Although the safety of metformin for fetus in pregnancy has been documented in many studies, its use in pregnancy persists to be a contentious issue. Currently, metformin has been recognized by FDA as a class B for use in pregnancy, which means that either animal-reproduction studies have not shown a fetal risk without corresponding controlled studies in women, or animal studies have shown an adverse effect not confirmed by controlled studies in women.

###### 

Characteristics of important studies assessing the effect of metformin on pregnancy complications in PCOS women

![](IJEM-17-37-g002)

The use of metformin for control of glucose intolerance in PCOS remains a controversial issue. In the recent Metformin in Gestational Diabetes (MIG) trial comparing metformin and insulin treatment in GDM, there was no significant difference in the composite fetal outcome between the metformin and insulin groups.\[[@ref61]\] Moreover, metformin therapy during pregnancy in PCOS women was found to result in reduced incidence of GDM and shown not to have any adverse effect on infant\'s birth weight, height, and motor and social development at 3 and 6 months of life.\[[@ref54]\] Khattab, *et al*. compared the incidences of GDM and preeclampsia in PCOS women continuing metformin throughout pregnancy with that of those who discontinued metformin use at the time of conception.\[[@ref62]\] There was statistically significant reduction in the incidence of GDM (OR 0.17) and preeclampsia (OR 0.35) in favor of group continuous metformin throughout pregnancy.

Vanky, *et al*. initially did a pilot study on metformin\'s utility in pregnancy of PCOS women, which showed a reduced rate of severe pregnancy complications when it was taken throughout pregnancy.\[[@ref59]\] They later followed it up with a randomized, placebo-controlled, double-blind, multicenter study to investigate the effect of metformin on pregnancy complications and pregnancy outcome in PCOS women.\[[@ref60]\] There were no differences between the metformin and placebo groups in the primary outcome of the prevalence of preeclampsia, preterm delivery, GDM, or the composite of these three pregnancy complications. Women in the metformin group gained less weight during pregnancy compared with those in the placebo group. There was no difference in fetal birth weight between the groups. They found no evidence for use of metformin throughout all trimesters to reduce pregnancy complications in PCOS women.

The third ESHRE/ASRM-sponsored PCOS consensus workshop on women\'s health aspects of PCOS recommended that there is no evidence for improved live-birth rates or decreased pregnancy complications with the use of metformin either before conception or during pregnancy.\[[@ref63]\] Currently, metformin is indicated in PCOS women with impaired glucose tolerance who does not respond adequately to calorie restriction and lifestyle changes. In the circumstance of PCOS woman becoming pregnant while being on metformin therapy, it would be advisable to stop metformin once pregnancy is confirmed. Further high-level evidences from large-scale well-powered, placebo-controlled randomized trials are required for formulation of recommendations for management of pregnancy of PCOS women.

C[ONCLUSIONS]{.smallcaps} {#sec1-11}
=========================

Women with PCOS are at increased risk of adverse pregnancy and birth outcomes and may need increased surveillance during pregnancy and parturition. There is no evidence for benefit of metformin in management of these pregnancy complications pending further well-powered placebo-controlled randomized trials analyzing it.
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